A novel Bifidobacterium strain, Tam10B
Bifidobacteria is one of the most important bacterial groups belonging to the phylum Actinobacteria [1, 2] . Members of the genus Bifidobacterium represent Gram-positive, anaerobic, non-spore forming and non-motile bacteria. Currently, the genus Bifidobacterium includes 57 taxa, representing 48 species and nine subspecies [3] [4] [5] [6] [7] . Notably, bifidobacteria have been isolated from six different ecological niches, including the gastro-intestinal tract of humans, (other) animals and insects, the oral cavity, human blood, sewage, raw milk and the water kefir fermentation process [7] [8] [9] [10] [11] . Bifidobacteria are considered non-pathogenic and purported to elicit beneficial health effects in their host [9, 10] .
As part of a project aimed at exploring the gut microbiota biodiversity in animals, a small number of putative novel taxa belonging to the genus Bifidobacterium were identified (unpublished data). Among the analysed mammalian hosts, we included the emperor tamarin (Saguinus imperator), a primate that belongs to the family Callitrichidae, genus Saguinus and species imperator, and that lives in the Amazonian lowland. Tamarin follow a broad dietary regime, which includes fruits, flowers, nectar, plant exudates (gums, saps and latex) and animal prey (including frogs, snails, lizards, spiders and insects).
This work explored the presence and diversity of cultivable bifidobacterial strains from a faecal sample of this primate (Saguinus imperator) by means of a cultivation-dependent approach and de novo genome sequencing. The faecal sample was serially diluted with phosphate buffered saline solution supplemented with cysteine hydrochloride (0.5 g l
À1
) and 1 ml of each dilution was inoculated in de ManRogosa-Sharpe (MRS) agar medium supplemented with mupirocin (50 µg ml À1 ). Plates were incubated under anaerobic conditions (2.99 % H 2 , 17.01 % CO 2 and 80 % N 2 ) in a chamber (Concept 400; Ruskin) at 37 C for 48 h. After incubation, morphologically different colonies were randomly picked and restreaked in order to isolate purified bacterial strains. A total of seven isolates were thus obtained, which were cultivated under anaerobic conditions as described above.
Chromosomal DNA of the isolated strains was extracted as described previously [12] .
The isolates were subjected to molecular typing through the use of enterobacterial repetitive intergenic consensus (ERIC) sequence PCR. ERIC PCR was carried out using ERIC-1 (5¢-ATGTAAGCTCCTGGGGATTCAC-3¢) and ERIC-2 (5¢-AA GTAAGTGACTGGGGTGAGCG-3¢) primers [13] following the procedure described previously [13] (Fig. S1 , available in the online Supplementary Material). During this study, an isolate, called Tam10B T , belonging to probably unknown Bifidobacterium species was identified.
Genome analysis, molecular characterization, growth parameters and morphological profiles were evaluated for Tam10B
T .
The genome of Tam10B T was decoded through a next-generation sequencing (NGS) approach using a MiSeq platform (Illumina) at GenProbio (Parma, Italy) following a previously described protocol [3, 14, 15] . The generated reads were depleted of adapter sequences, quality filtered and assembled through the MEGAnnotator pipeline [16] . Furthermore, open reading frame (ORF) identification and functional annotation of ORFs was performed as described previously [16] .
The genome sequence of Tam10B T consists of 3 111 005 bp, corresponding to 2522 predicted protein-encoding ORFs. The general genome features of Tam10B T are summarized in Table 1 . In silico analyses of the genome of Tam10B T allowed the estimation of its G+C content to be 62.5 % (Table 1) , a value consistent with the G+C content range of the genus Bifidobacterium [17] . This Whole Genome Shotgun project has been deposited at DDBJ/ENA/GenBank under the accession NEWD00000000. The version described in this paper is version NEWD01000000.
We investigated the phylogenetic relatedness of Tam10B T strain with other currently recognized bifidobacterial (sub) species by inferring the nucleotide sequences of 16S rRNA, hsp60, rpoB, dnaJ, dnaG and clpC genes as well as the genes constituting the core genome of the genus Bifidobacterium [1, 18, 19] . Such analyses allowed the reconstruction of a 16S rRNA gene-based phylogenetic tree ( Fig. 1) , a multigene-based tree (Fig. 2 ) and a phylogenomic tree (Fig. 3) , the latter based on the core genome sequences of the genus Bifidobacterium [19] . In order to identify the bifidobacterial core genome sequences of the genus Bifidobacterium, a comparative genome analysis involving the known 55 bifidobacterial (sub)species, including Tam10B T , was performed to unveil core genome sequences. The ORF content of each bifidobacterial genome was organized in functional gene clusters using the gene family method of the Pangenome Analysis Pipeline [20] , involving the Basic Local alignment Search Tool (E value cutoff of 1Â10 À5 and 50 % identity across at least 80 % of sequence length). Sequences were then clustered into protein families, using a graph theory-based Markov clustering algorithm [21] . This analysis allowed the identification of 262 clusters of orthologous genes shared by all 55 (sub)species, representing the core genome of currently sequenced Bifidobacterium representatives. Thus, a phylogenetic core genome tree was reconstructed based on the concatenation of 237 protein sequences that represent the Bifidobacterium core genome sequences with the exclusion of paralogs identified in each genome (Fig. 3) .
Each phylogenetic tree showed the same phylogenetic positioning of Tam10B
T with respect to the other members of the genus Bifidobacterium, revealing a close phylogenetic relatedness of Tam10B
T with Bifidobacterium tissieri DSM 100201 T (Figs 1, 2 and 3). Furthermore, the bifidobacterial pangenome analysis involving all the current members of the genus Bifidobacterium allowed the identification of 550 unique genes belonging to the Tam10B T genome (Fig. 4) . Comparative genomic analyses involving both the Tam10B T and the B. tissieri DSM 100201
T chromosome sequences highlighted the occurrence 794 genes in the genome of Tam10B
T that appear to lack any orthologs in B. tissieri DSM 100201
T chomosome (Fig. 4) . Thus, these findings further supported the genetic diversity of Tam10B
T from any of the currently recognized bifidobacterial species.
In order to investigate the genetic difference between Tam10B
T and other Bifidobacterium strains, a nucleotide identity value was evaluated based on gene sequences that are considered to act as molecular clocks in bacterial taxonomy [18, 22, 23] including 16S rRNA, hsp60, rpoB, dnaJ, dnaG and clpC genes (Table S1 ). These analyses revealed that the 16S rRNA gene of Tam10B T exhibits the highest level of sequence identity (96.5 %) to that of B. tissieri DSM 100201 T (Table S1 ). Notably, a 97 % identity value between 16S rRNA genes is considered to represent the cut-off value for bacterial species assignment [24] . Moreover, the five housekeeping genes selected for sequence comparison highlight the highest identity values (ranging from 93 to 99.4 %) with the corresponding B. tissieri DSM 100201
T genes (Table S1 ). Furthermore, the genetic relatedness at genomic level of strain Tam10B
T with respect the other currently recognized bifidobacterial (sub)species was calculated by average nucleotide identity (ANI) analysis [25] . This analysis showed that the Tam10B T genome displays the highest level of identity (89 %) withe chromosomal sequences of B. tissieri DSM 100201 T (Table S2) . In this context it should be noted that two strains displaying an ANI value 95 % are considered to belong to two distinct species [26] .
Tam10B
T cells possess a rod-shape morphology as observed by phase-contrast microscopy ( Fig. 5) . Table 2) .
Gram staining was performed with a LIVE BacLight Bacterial Gram Stain Kit (ThermoFisher Scientific) using cells grown on MRS broth at 37 C under anaerobic conditions for 48 h as per the manufacturer's instructions.
Fermentation profile experiments on different carbon sources, including arabinose, arabinogalactan, cellobiose, fructo-oligosaccharides, fructose, fucose, galactose, galactooligosaccharides, glucose, glycogen, inulin, lactose maltodextrin, maltose, maltotriose, mannitol, mannose, melibiose, N-acetyl-D-galactosamine, N-acetyl-D-glucosamine, pullulan, raffinose, rhamnose, ribose, sorbitol, starch, sucrose, trehalose, turanose and xylose, were performed using a 96-well microtitre plate. Bacterial cells were grown in each well containing a different sugar, and incubated in an anaerobic cabinet. Growth was evaluated by monitoring the OD 600 of cultures in the microtitre plates on a plate reader every 12 h. Cultures were grown in biologically independent triplicates, and the resulting growth data were expressed as a means of these replicates ( Table 2) . The novel isolate, B. tissieri DSM 100201 T , and B.
stellenboschense DSM 23968 T were also investigated for enzymatic activities by using API 50 CHL and Rapid ID 32 test kits (BioM erieux) ( Table 2 ).
The cell-wall peptidoglycan composition was investigated by following the protocols previously described by Schumann [27] . The total hydrolysate of the peptidoglycan showed the presence of the amino acid lysine, alanine, glutamic acid and muramic acid. The peptidoglycan type of Tam10B
T was L-Glu-L-Ala-L-Lys, with the presence of Ala, Glu and Lys (ratio 0.9 : 1.0 : 0.6), while for B. tissieri DSM 100201 T and B. stellenboschense DSM 23968 T the ratios of Ala, Glu and Lys were 1.1 : 1.0 : 0.7 and 1.1 : 1.0 : 1.6, respectively (Table 3) .
Cellular fatty acid methyl esters were determined according to the protocol described by Miller [28] with the same modifications [29] using an Agilent model 6890 N gas chromatograph. The results were analysed using MIS Standard Software (Microbial ID) that determined the peaks and the percentage of fatty acids detected automatically. These data showed that palmitic, myristic and oleic acid were the dominant fatty acids (Table 4 ).
The fructose 6-phosphate phosphoketolase (F6PPK) is considered to be a key enzyme of the phosphoketolase pathway, and a taxonomic marker for identification of Bifidobacterium and related genera [30] . The fructose 6-phosphate phosphoketolase can be identified in genome sequences through the use of Pathway Tools software [31] . Notably, in silico analysis of the Tam10B T genome showed that this strain possesses the complete metabolic pathway for F6PPK activity.
sequences of Scardovia inopinata JCM 12537 were used as an outgroup. Bootstrap percentages above 50 are shown at node points, based on 1000 replicates of the phylogenetic tree. T cellular morphology by using phase-contrast microscopy. Bar, 10 µm. T is not able to grow at 42 C ( Table 2 ). In all cases the cells do not grow at 20 and 45 C (Table 2) . Moreover, cells grow in the pH range from 3.5 to 6, with optimum growth at pH 6 after incubation for 48 h, as for B. tissieri DSM100201 T , while B. stellenboschense DSM 23968 T the pH range for growth is from 4.0 to 6.0 (Table 2) .
Bifidobacterium genus
Fermentation profiles of B. vansinderenii LMG 30126 T reveal that it is able to ferment a wide range of simple and complex carbohydrates, including cellobiose, fructose, galactose, glucose, maltodextrin, mannitol, mannose, melibiose, Nacetyl-D-glucosamine, raffinose, rhamnose, ribose, sorbitol, sucrose, trehalose and turanose (i.e. reaching a final OD 600 of !0.51). In contrast, B. vansinderenii LMG 30126 displays little if any growth on arabinose, fucose, inulin, N-acetyl-D-galactosamine, pullulan and xylose (i.e. final OD 600 is 0.5) ( Table 2 ). Noticeable differences in growth on cellobiose, Positive enzymatic activity is observed for arginine, aglucosidase, N-acetyl-b-glucosaminidase, alkaline phosphatase, arginine arylamidase and leucyl-glycine arylamidase. Whereas, weak reactions occur for a-galactosidase, bgalactosidase, a-arabinosidase and glutamyl glutamic acid arylamidase (Table 2) . Moreover, b-glucosidase, b-glucuronidase, glutamic acid decarboxylase, pyroglutamic acid arylamidase and serine arylamidase activities are not detected ( Table 2 ).
The major fatty acids identified are palmitic, myristic and oleic acid. The peptidoglycan type is L-Glu-L-Ala-L-Lys.
The type strain Tam10B T (=LMG 30126 T =CCUG 70655 T ) was isolated from a stool sample of emperor tamarin (Saguinus imperator). The DNA G+C content is 62.5 %.
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